The title compound was obtained by McElroy et al. as a crude product without definite characterization due to its instability and the lack of a suitable analytical method other than bioluminescence. In this research, reliable methods for analyzing and isolating the unstable luciferyladenylates were established by means of HPLC. Firefly L-luciferin was condensed with adenylic acid, the chiral center of L-luciferin being epimerized when adenylated. After evaporating the solvent, the residue was washed with EtOAc and CH2C12, and extracted with 6m urea. The extract was chromatographed on a reversed-phase C18-HPLCcolumn. The D-luciferyl-D-adenylate contained less than 8% luciferin and its diastereomeric purity was more than 98%. The luciferyladenylates are extremely unstable; they are hydrolyzed to luciferin and adenylic acid, and epimerized quite easily in neutral to basic buffers. L-Luciferyl-D-adenylate emits light with firefly luciferase of about 1/3 the light yield compared to that of the D,D-isomer, possibly because of partial epimerization of the L,D-isomer to the D,D-isomer during the reaction.
NMRand mass spectra were measured by JEOLGX 500 and JEOL DX-750L spectrometers, respectively. UV spectra were recorded on a ShimadzuSPD-3Aspectrom-eter (three-dimensional UVdetector for HPLC). All reagents used were of the highest grade available, and were purchased from Nakarai Chemicals Co. or Wako Chemicals Co. and used without further purification. Water was distilled twice from a quartz flask before use after passing through columns of charcoal and ion exchange resin. A JASCOTri-Rotar II HPLC system with a gradient maker (JASCO GP-A40) was employed for analyzing and isolating the products.
A develosil ODS-5 column (4.6mmx 250mm, Nomura Chemicals Co.) with a pre-column (4.6mmx 10mm) was used for the analysis.
For preparative HPLC, an ODScolumn (20mm x 250mmNomura Chemicals Co.) with a pre-column (8mmx50mm)was used.
Elution conditions 1) For analyzing the reaction mixture. Gradient elution (4min) with CH3CN-0.05% trifluoroacetic acid (TFA) (15:85 to 50:50) at a flow rate of 1ml/min. 2) For analyzing the ratio of the luciferyladenylates and the luciferin.
Gradient elution (4 min) with CH3CN-0.05% TFA (0:100 to 50:50) at a flow rate of 1ml/min.
3) For analyzing the diastereomeric composition of the luciferyladenylates.
Isocratic elution with CH3CN-0.05% TFA (15:85) at a flow rate of 1ml/min. 4) For isolating the luciferyladenylates {preparative). The crude mixture of synthetic luciferyladenylates was dissolved in 6m urea and injected into the preparative ODS column, which had been pre-equilibrated with 0.05% TFA. The column was washed with 30ml of 0.05% TFA, and then d-and L-luciferyl-D-adenylate were eluted with CH3CN-0.05% TFA (15 : 85). After elution of luciferyladenylates, the column was washed with CH3CN-0.05% TFA (50:50) and then equilibrated with 0.05% TFAfor the next use.
The eluent was monitored by means of a threedimensional UV detector (Shimadzu SPD-3A). analyzed by HPLC(condition 1) to follow the time course of the reaction. Figure 2 shows a typical chromatogram of the mixture after a 15min reaction period by monitoring the absorbance at 330 nm. The signals of the starting materials, adenylic acid and the luciferin, appeared at 2.8 and 12.5min, respectively, although the former could not be seen on this chromatogram because it has no absorption at 330nm (Fig. 3) . The two peaks eluted around 10 min are suggested to have been D-luciferyl-D-adenylate and its l,d-isomer from the expected retention times and the UV spectra (/imax 261 nm and 335nm, Fig. 3 ), which were measured by an SPD-3A instrument simultaneously.
The former peak of the smaller intensity is suggested to have been the natural the precipitate formed was removed by fil-and CH2C12 to be free from colored bytration under an Ar atmosphere. The filtrate products and excess DCC,and then extracted was evaporated to dryness under vacuum. The with 6m urea (4ml). These work-up operation residue was washed with deoxygenated EtOAcmade HPLCpurification easy and reproduc- powder was dissolved in MeOH-H2O(1 : 1) and the purity was re-examined by HPLC. The luciferyl-adenylate/luciferin ratio of each fraction was more than 92:8 and the diastereomeric purity of the luciferyladenylates was more than 98%.
The NMRspectra (500MHz, Fig. 4 , Table  1) which is assignable to Ha on the thiazoline ring (Fig. 4 ), appeared at a 0.08 ppm lower field than that of L-luciferin itself. No phenyl protons were remarkably shifted. In addition to the NMRspectra, the resemblance of UVspectra to those ofa 1:1 mixture of luciferin and adenylic acid, and its instability toward hydrolysis as shown in section 4 suggest that the carboxylic acid of luciferin was bound to the phosphoric acid moiety of adenylic acid as a mixed anhydride. FAB-MSspectra of2-D and 2-L (ra/z 610, M+l) are also consistent with this structure.
2) Solubility of the luciferyladenylates
The luciferyladenylates are highly hydrophilic compounds and soluble only in polar solvents; especially, 6m urea, PrOH-H2O
(1 : 1) and MeOH-H2O emission although such a enhancement could be observed by the addition of an enzyme or sodium pyrophosphate after the light emission had ceased. The addition of dehydroluciferyl-D-adenylate also inhibited the light emission, 2809
